THE importance attached to the freeing of drinking-waters from pathogenic germs by chemical means has of recent years been considerably augmented, since it has been shown that, of all known filters, only two--namely, the Pasteur-Chamberland and the Berkereid--possess germ-removing powers, and even these under adverse circumstances may fail to effect this purification. Sehumburg, in a recent number of the Ver~#'entlichungen aus dem gebiete des Militarsanitgtswesens, has published the results of an exhaustive series of experiments, embracing all substances which have been suggested for this purpose. Many, such as tea and coffee, are of purely historic interest, and possess no bactericidal power; others, such as alcohol, must be present in such amounts as to at once preclude the possibility of their employment; whilst others, as formalin, though efficient germ-destroyers, render the water so unpalatable as to at once place them beyond consideration. In short, he has cleared up much that was obscure in this domain, and dissipated the halo with which time and mysticism had adorned some of these specifics. He found that considerable value was attached to the members of the halogen series, and of these bromine yielded such excellent results as to warrant him in his recommendation of it as the best chemical means we at present possess for this purpose. It is true, he was not the discoverer of this application, the honour of which is due to a Russian apothecary, yet his experiments have placed its application on a more exact basis. He showed that if 0"06 gramme of bromine be added to 1 litre of water and frequently agitated, it will suffice in five minutes to render the water free from pathogenic germs. Subsequent neutralization is effected in two minutes by the addition of suitable quantities of sodium sulphite and sodium carbonate, so that in the space of seven minutes we have secured a water free from pathogenic germs, in taste comparable to that of stale seltzer-wa~er, and containing bromine compounds in such small amount as to be negligible.
Pfuhl has subsequently published in the Zeitschrift f~r Hygiene Experiments in Water SteriIization ceublio health a series of confirmatory experiments. He finds that if the water be rich in organic impurity the method fails, but that this defect may be overcome by the addition of bromine in such amount as to permanently tint the water, and then adding a proportional amount of neutralizing salt. He considers the method a most excellent one, and gives great praise to Schumburg for his discovery. Such a method would prove pre-eminently of ++alue in the case of military encampments, for experiences teach us only too well how typhoid, cholera, dysentery, diarrhoea, etc., haunt such establishments, especially when stress of war involves conditions which are frequently far from sanitary. Were one able, then, to obviate such epidemics, an inestimable boon would be conferred on those liable to exposure. Regarding water-borne diseases, we know that typhoid and cholera germs may be conveyed in water; but unfortunately, in the case of dysentery and diarrhcea, we are at present ignorant of their specific agents. Hence, most of the experiments in this snbiect have been performed on typhoid and cholera infected waters. At the instigation of Professor Fraenkel of Halle I conducted some investigations with this method, partly with a view of confirming previous results, and partly to determine any further details. From Dr. K/~de, of the Oranien Apotheke, Berlin, a complete outfit of the Schumburg apparatus was obtained, with chemicals sufficient for 600 litres of water.
In a wooden box divided into three compartments, and lined with spongiopiline, there was contained two 1-1itre stoppered bottles, provided with wire covers to prevent accidental dislodgment of the stoppers, a ~--litre enamelled jug, along with an aluminium spoon for mixing purposes and a 10-centimetre measure.
In another metal box was contained twelve separate packages of corrugated paper, each enclosing a sealed constricted tube with ] 1 c.c. bromine solution, and marked with a file at the site of constriction; also a tube containing 19, grammes of salt mixture to neutralize this amount of bromine.
The bromine solution was composed of-- The directions for use are as follows: Into the enamelled jug is poured ~ litre of water, and the contents of one of the bromine tubes added, opening being effected by breaking of the tube at the file-mark mentioned above. After thorough mixture, the contents are poured into the stoppered bottle reserved for the purpose. Another ½ litre of water is placed in the jug, 5 c.c. of the diluted bromine added and stirred for five minutes so as to sterilize the water, then the contents of the salt tube are solved in the water, and transferred to the beetle reserved for salt solution.
So armed, we are in a position to proceed with the water purification. Thus, 1 litre of water is taken and 10 c.c. of the diluted bromine added, and the water repeatedly stirred during five minutes ; then 10 c.e. of salt solution added and stirred for two minutes, after which the water is ready for use.
My first experiments were conducted on tap-water, 1 litre of which was mixed with 1 e.c. of laboratory washings rich in germs ; 1 c.e. of this contaminated water was then taken, and a gelatine plate prepared as a control; then, after Schumburg treatment, a similar amount was taken and a gelatine plate made. These plates were then incubated at 22 ° C., and the colonies counted on the second, fourth, sixth, and eighth days, in order to determine if a bactericidal action did take place, and not merely a retardation in growth. A repetition of .ms experiment gave practically the same result. It was next decided to try the action on waters contaminated with typhoid and cholera bacilli, the following plan being adopted :
1. Twenty-four-hour agar cultures of these organisms were prepared.
2. Five c.c. of tap-water were poured over these, and by the use of an 5se the cultures emulsified, avoiding as far as possible disturbance of the agar medium.
3. Half a c.c. of emulsion was mixed with 1 litre of tap-water. 4. Control-plate was made with ½ c.c. of the water so prepared. 5. The water was then treated with bromine, etc. 6. The gelatine plate was prepared with ½ c.e. as before.
I~eubated, and the Colonies enumerated. After Schumburg Treatment.
,, Typhoid.
Pfuhl, in his experiments, notes a curious fact--that if to the water after treatment I per cent. of peptone and ½ per cent. of sodium chloride be added, and the whole incuba~at 37 ° C. for twenty-four hours, a beautiful cholera red can be oIJ~'::ned. If, however, the emulsion used for infecting the water be first filtered through a double fold of filter-paper, and then used for dilution, on Schum. burgizing and treating as above one fails to obtain a cholera red. The explanation of this he believes to be due to the fact that particles of the agar which may chance to contain bacteria become detached in the preparation of the emulsion, the destruction of which germ masses by the bromine will thus be rendered more difficull. Filtration, however, will remove these particles, and supply us with a uniform emulsion of germs. I decided then to perform this experiment, proceeding as before, only that, after the Schumburg treatment, 10 grammes of peptone and 5 grammes of common salt were added to the water, and the whole incubated at 37 ° C. for twenty-four hours, at the end of which time a gelatine plate was prepared, and then sulphurie acid added to the water. The results obtained were : 
On adding sulphuric acid to the incubated material a beautiful red was obtained.
It is interesting to note in these experiments, as in all my others in which water other than sterilized was employed, the resistance of the non-pathogenic organisms to the bromine, an explanation for which, in all probability, lies in the fact that many of these are present as spores, which are, as is well known, more resistant than bacteria to the action of germicides. As, however, none of the known germs of water.borne disease possess the power of sporulation, our results are in no way depreciated.
The last experiment was then repeated, with the precaution, however, that the emulsiofi was filtered through double layers of filter-paper, and then employed as before. The results on this occasion were : These results are certainly curious, and Pfuhl has in all probability supplied us with their correct explanation. Moreover, we have undoubtedly an amount of pathogenic germs present far in excess of that ever met with in drinking-waters. The water employed was that supplied to the town of Halle, and possessed 18 ° of hardness, whilst its organic contaminatipn was extremely tow. Pfuhl's experiments show that in a water of extreme hardness the purification is imperfect, a result which one would, on a priori grounds, have anticipated. Still, he has not proved the value of it in muddy waters, such as one would meet with in rivers in time of floods, etc. An experiment was performed as in the last, only employing in place of tap-water one which had been rendered muddy by emulsification with some earth, and straining through linen. There was thus produced a liquid by no means inviting in appearance, but such an one the consumption of which has been in no way infrequent in times of war.
The results here were :
Muddy Water. Addition of sulphurie acid produced a strong red reaction. From this it is apparent that the method is valueless when in such muddy waters. It has been suggested in such cases that bromine might be added until the water acquires a permanent tinge of the same ; but if the water is already brown, it is difficult to understand how such a procedure is to be accomplished, whilst the amount necessary would undoubtedly render the water unfit for use.
Having thus determined tkat the method is of value, provided the organic contamination be aot too great, it was decided to ascertain, if possible, what limit of such impurity is consistent with successful purification.
For this purpose it was essential to select an organic substance which might be considered as fairly representative of these bodies obtainable in a state of purity and soluble in water.
Peptone seemed most suitably to answer these requirements, and from its composition a typical nitrogenous organic substance.
The brand employed was that known as Witte's, and it was decided first to experiment with cholera, on account of the facility of producing cholera red, and in this way ascertaining the success or otherwise of the proceedings, then afterwards to experiment with typhoid bacilli.
CHOLERA EXPERIMENTS.
The modus operandi was as follows :
1. An agar tube was inoculated with cholera and incubated for twenty-four hours at 87 ° C.
• 2. To this culture was then added 5 c.c. of sterile distilled water, to wbich, by means of an 5se, the culture was transferred, the resulting emulsion filtered through double layers of filter-paper.
3. Flasks, each containing l litre of distilled water, were then taken, and varying proportions of peptone added, control flasks being also employed which contained no peptone.
4. Three drops of the cholera emulsion were then added to each flask and the contents thoroughly mixed. 5. Each flask was then treated with bromine, etc., in the usual manner.
6. To each flask was then added 10 grammes of peptone and 5 grammes of sodium chloride, and the whole incubated for fortyeight hours at 87 ° C. 7. Sutphurie acid was added to each flask to ascertain if cholera bacilli were present. The most striking result on this occasion is that, whilst red reactions were obtained with 0"04 per cent. and 0"06 per cent., none was obtained with 0"08 per cent. A repetition of this experiment gave similar erratic results. It was noted, moreover, that flask e emitted a most disagreeable odour of a sulphuretted hydrogen nature, and when some of the liquid was warmed the fumes evolved blackened paper which had been imbued with silver nitrate. Further, if to a portion of liquid known to give a cholera-red reaction some sulphuretted hydrogen were added, and then sulphuric acid, no red reaction was obtained. An explanation of these untoward results as compared with Experiment 1 is only possible on the assumption that a fresh supply of peptone was now 48 tPublic Health being employed which contained some germ producing sulphurous compounds in its growth, or it may be that such germs were present in the distilled water. At all events, it was apparent that subsequent investigations must be so arranged as to exclude the presence of germs other than those directly under consideration. Further, it was deemed advisable to grow the cholera on some material in which a known amount of organic matter was present. With these points in view, the following plan was devised : 1. A solution of peptone in distilled water was used for adding to the water. In 2 e.c. of this were contained 0"01 gramme of peptone.
2. The amount of peptone necessary was then measured out and diluted to 100 e.c. with distilled water, and poured into a ¼-1itre flask. The series, when prepared, were sterilized by heating in the steam sterilizer for half an hour on three successive days. The loss from evaporation was found to be only slight.
3. A corresponding number of flasks were prepared, each conraining 100 c.e. of distilled water, with 9. grammes of peptone and 1 gramme of sodium chloride, and sterilized as above.
4. Tested tubes containing 10 e.e. of peptone water were inoculated with an 6se loopful of cholera growth from an agar culture, and thereafter incubated for twenty-four hours at 37 ° C., frequent agitation being employed to obtain as far as possible a uniform emulsion of the growth. 5. To each flask prepared as in No. 1 was added 1 drop of the culture, this amount being estimated to represent on an average 0"05 c.c., and therefore containing 0"0005 gramme of peptone, the residue of the culture being on each occasion tested for the cholera red, which was invariably found present. 6. Each flask was then treated with 1 c.c. of bromine, and afterwards 1 e.e. of salt solution.
7. To each flask was then added the contents of one of the flasks prepared as in No. 8, thus forming ordinary peptone-water. After incubation for forty-eight hours at 370 C., each was tested for the cholera red. Hanging-drop preparations confirmed the presence of cholera bacilli in f, but not in e. It was noted also that the flasks which did not give the red reaction were to the naked eye clear and evidently sterile, as compared with the turbidity in those which showed cholera as present.
It was now evident that the limit lay between 0"0125 per cent. and 0"015 per cent, Experiment 5. The limit would from this experiment appear to be 0"0125+0"0005 per cont.--that is, 0"013 per cent.
To confirm this, in the next experiment only two flasks were taken. Experiment 6. --the results here are confirmatory of Experiment 5.
48--2 in Water Sterilization [Public Health
The experiment was then repeated, but with this addition, that during the five minutes of bromination agitation was performed once a minute.
ExTeri, ment 8. From these experiments, then, I concluded that the Schumburg method was effectual in destroying cholera bacilli, provided that the amount of organic matter did not exceed 0"014 + 0"0005--that is, 0"0145 per cent. coupled with agitation once a minute during the period of bromination. Biichner and Nissen have shown, however, that a larger amount of the bactericide is necessary when the germs are present in great number, as contrasted with that requisite when such are present in a lesser degree, and this was clearly demonstrated in the next experiments. These results, then, confirm the observations of Biichner and Nissen, but do not vitiate my results in any way.
TYPHOID EXPERII~IENTS.
These were conducted on a similar plan to the preceding, with the following modifications :
1. In place of peptone cultures twenty-four-hours agar typhoid cultures were employed.
2. An emulsion of this culture was prepared in 10 e.c. of distilled water, and 1 drop of this employed for contamination of the flasks prepared as before.
3. In place of double-strength peptone-water, a bouillon was employed, containing 10 per cent. Liebig's extract of meat and 10 per cent. of peptone; the sodium chloride present in extract obviated the necessity of further addition; neutralization was effected in the accustomed manner.
Fifteen c.c. of this preparation were added to the typhoid inoculated flasks after bromination; then after twenty-four hours' incubation at 37 ° the flasks were examined for typhoid bacilli by means of typhoid serum. which is fully confirmatory of No. 4, and furnishes us, then, with a limit of organic 0"018 per cent., "0005 -0"0185 per cent. matter in the case of typhoid bacilli. We have, then, an apparent difference in cholera as compared with typhoid bacilli of 0"004 per cent.
Whether this is attributable to the cholera bacilli having been present in greater amount than the typhoid, I am unable to say, nor can I make any definite statement as to the difference in resistance to germicides of these two organisms. If the typhoid germs had been present in less amount than the cholera, the results would then, from those of my cholera experiments, be easily intelligible, and in accordance with those of Biichner and Nissen. Unfortunately, typhoid grows badly on peptone water, and hence I was obliged to resort to agar. In any case, such experiments as these can only yield approximate results, and I think that I have conclusively proved the value of this method of water purification in the presence of an amount of soluble organic matter--namely, peptone--far in excess of that ever permissible under ordinary circumstances in drinking water.
Moreover, I have employed waters far richer in pathogenic germs than one has ever had occasion to meet with in Nature, so that the organic limit permissible would in these cases be considerably raised. It is true we have germs other than pathogenic invariably present in water, and the destruction of these in my first experiments have been shown to be much more imperfect than that of the pathogenic, most probably, as I then stated, due to their sporing capabilities; but that is a matter of insignificance when we remember that the germs of water-borne diseases are non-sporing. I have not experimented with insoluble organic matter, nor with inorganic salts, as the results would, to my mind, have been valueless, especially so in the case of the latter, where chemical interactions of such a complex character might occur.
The makers of the apparatus pack tubes of the reagents in kieselguhr for tropical use, etc., thus avoiding any danger, should the bromine tubes get broken from any cause. To soldiers on the march its use would, I fear, in most cases be impracticable, more so in tropical countries, where the maddening thirst drives men to consume water which might more accurately be described as mud, and which, even were it brominated, would require such an amount as to render it even more unfit for consumption, and the time required would be objected to even by disciplined men when suffering from great thirst. The distribution of these chemicals to each soldier as part of his equipment is, of course, out of the question.
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